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ABSTRACT 

This Ninth Quarterly Progress Report cover• the per~od frt'm June 4. 
196Z to September 4, 196~. Accomplishment. are reported in all phaae• o£ 
the research and development program pertaining to the line-aource dia
eemination of BW agents. 

Theoretical and experimental results relative to the studies of the 
mechanics of dry powdeu are pre~ented for: 1) the applied ltro&~.ne• and 
energies required for the compaction of powders. 2) ehe•r strength o£ com
pacted powders, and 3) bulle tensile strength and bulk ciensity of compacted 
powdeu as a function of comp:reuive load and distance !rom the face of the 
piston. 

Data on aerosol decay as affected by relative humidity are reported !or 
!ive powders. A statistical analysis of the behavior of aeroaob le presented 
to explain the phenomena ob1erved in the aerophilometer. 

Teste on dis semination and deagglomeratton, using the wind tunnel, are 
deacribed which establish an upper limit o! approximately 0, 58 g/cm 3 den
sity tor compacted~ which can be aeroaolbed efficiently by the nerodyna• 
mie breakup mechanism. A related diac::usaion reports aome preliminary 
data on the effecta of storage on the aerodynamic breakup o! compacted!!!?_· 

Wind tunnel evaluation o£ a shroud for the discharge tube of the airborne 
dry agent diueminator ia dhcuned. 

Work with the tull-•cale experimental equipment for feeding and meter
ing both compacted and uncompacted powder is reported. 

Progreaa h reported on the design and fabrication o! the first-generation 
airborne dry BW agent diueminatlng store • 

An apparatus ia described which is used !or inserting charges of com• 
pacted powder into the experimental model of the dry agent diaaeminator. 
Other techniquea for filling the disseminator are diecua aed. 

Successful flight testa of the General Mills, Inc. liquid agent dissemi
nating a tore on F -105 and F -1 OOD airplane a at Ealin Air Force Base are 
reported. 
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NINTH QUARTERLY PROGRESS REPORT 
ON 

DISSEMINATION OF SOLlD AND LIQUID :SW AOENTS 

1. INTRODUCTION 

Thia Ninth Quarterly ProJreu Report covers the work accomplished 
durinl the three-month period endins approximately September 4. 1962. 
Thit work wa• done at Oeneral MUla. Inc:. (OMI) under Contract DA-18-
064-CML-2745 which is a comprehensive rnearch and development pro
sram on the diueminatl.on o! solid and liquid B W agent•. 

This report p:reaents •ome more of the results of the theoretical and 
experimental atudiu of the mechanic• of dry powdeu. The objective of 
thia part of U1e prosrarn l• to obtain ba•ic information for application in the 
engineorinl development of BW munitions and related aupport equi.pr11ent. 
Protrel • il al•o reported on the development of an airborne munition £or 
diaaeminating dry BW a1ent !rom a compacted 11tate. Thie program has 
reached the 1tage where !abrica.tion of the first-generation airborne unit is 
underway. 

Alao presented in thi• report i• a brief summary o£ the reaulta of fli&ht 
teatins the GMlliquid a.aent diueminatinJ atore on the F·l05 and F-lOOD 
a.lrplanea. Theae :tliaht testa were conducted by the BW /CW Weapons Group 
at Ealin Alr J'orce .Bate, Florida with OMI providing technical auiatance. 
A te1t report ia beinJ prepa.red by the BW/CW Weapon• Oroup. 

1-1 
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~. TREOltli:TICAL AND EXPERIM..ENT AL STUDIES OF THE MECHANICS 
OF DRY POWDERS 

One of the ba1ic goals o£ our investigation of the mechanics of powdera 
h the development of meana lor meaeuring important phyaical propertiea of 
powdered materia.le. There are two main areaa of interut in J'eaard to the 
mechanical behavior ol powders: 1) the bulk propertiea and characterietca 
of powden, which are particularly important with respect to the compaction 
proc:eaa, acd 2) the aeroaolisation behavior of compactible powdora. 

Considerable progrua haa been made Jn developina devices and tech
niques £oJ' mea.eurement o£ the bulk propertiea of powders. .A newly de
veloped technique for preciae experimental evaluation of the compaction 
cbaracterletica.of powdere ia described below. Alao. further atudlee ol the 
ahear ah·enlth, bulk tenaile atrensth, and bulk denaity of powder• are re
ported in 1ubaequent aeetiona of thi8 report. 

Althouah the proc:euu of breakup and aeroaolization of compacted pow
den muat be c:loaely related to bulk properties. considerable di!ficulty baa 
been experienced in establishing the nature of thia relationship. For this 
reaton, several new concepts are being etudied in which pneumatic or hydro
dynamic 1tretaes would be employed in experiments to define the mechanical 
propertiea ol. powdera. One such approach is dlacuaaed in Section 2. Z of 
this report. 

Z. 1 Experimental Compaction Studies 

z, 1. 1 App!,ratua 

A study of the compaction characteristics of varioua powders has been 
in prosreaa during the past nine months aa part of a comprehensive investi• 
ll&tion of the mechanical behavior of dry powdera. In the course of thlt 
work. aeveral devices have been developed !or meuurinl the applied 
streuea and ener1iea required !or compaction of powdera; each of these 
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hAs been .found to be deficient in one or more way•. An improvecl device for 
experimf'lr.o~al •tudy of the compaction chara.cteriatica of powders baa beea 
developed during the current report period and has been found to be com
pletely satisfactory. '!his device is shown in Figure ~. 1. It ca.n be uen 
from the figure tha.t the piston··cylinder confiilJration u~ilized in previous 
compaction devices has been retained in the new design. However, the new 
compaction unit ia much more rigid than earlier modeb and, thl:ough uu 
o! an all.ial~circulating ball bearing for the piston, is leu subject to fric
tional e!!ects, 

The mater:al to be compacted 1S placed in a machined bra.u receptacle 
that £ita into ;s. receas in the base of the compaction unit, thus insuring pro
per alinement With the piston. 

Taata are carried out by using the compaction unit shown in Figure Z. 1 
in conjunction with an lnstron test machine. By utilizlnj the Instron machine 
for control of the sample deformation rate and for measurement and record-' ing of the load applied to the powde2', a very high deg2'ee of predaion and 
reproducibility can be achieved in compa-ction experiments. 

Compaction testa lmder controlled humichty cond1tion1 may be carried 
out by encloeing the compaction unit in a sealed plastic bag after prior con
ditioning of powder and apparatus in a dry box. 

2. 1. Z Experimental Results and Discussion 

A WA.mber cl experimenta have been carried out with the apparatus des
cribed above. Because of the preliminary nature of these testa, which were 
carrjed out primarily fer the purpose of evaluatiniJ the new compaction de
vice, no attempt waa made to cuni.rol humidity. {Future testa will be con
ducted under controlled humidity conditions, as described above. ) 

A (.'r,mr-let.e load~atrain curve £or cornatarc.h, as recorded on the Inatron 
machine, ia shown in Figure 2. Z. This curve u quite typical o{ results ob
tun~d tn t£ab cf several powdera. ]n this teat, 0. 71. gram• o£ cornatarc:h 
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With aa bliti&l cleaatty of 0, 585 a/cm3 were compacted at a rate of 0, OZ 
in./min untU the lead reached ~000 pounda; then the cro .. ·head direction 
waa reversed and the ela1tlc recovery of the sample wae detertnlnecl. The 
area under the compaction portioa of the curve represent• the total work 
(or enei'JY) expended in an unidirectional compaction proeeu. The net 
work ablol'bad by the powdu i1 found by subtracting the area under the 
riaht-h&nd portion of the curve, which corresponds to the elastic energy 
atored in the compreeaed powder sample. In this case, the energy re
c:ovued w.. /ound to be about 55 perce-nt of the totes,! energy abaorbed by 
the powder dul'inJ compaction. 

Compactiott data for talc, aaccharin, and cornatarch - aa obtained with 
the uw appuatua - are plotted venus apec.ific volume In FiJure 2. 3. The 
data &J'e in quite aood aareement with previot.s results for these powder• 
over the range of denaitiea attainable in the earlier teats ( aee Taole 2. 1 ), 
It can be aeen, however, that a considerable depa.rture from the power-law 
relationahip found in paet tetta occuu under htgh r;trusea. lt ahoulci bo 
empb&aiaecl that the high atreuee applied t<:~ the s11.mple1 in the1e teltl are 
well beyoc.d the practicable compaction ra.na«" £or v1.able materiala. It ia 
nevertheleaa deairable to establish the range of de!l.aitiea £or which the 
empirical power-law relation.ehip 

Cl = k . l)m (l) 

il a valid repreaentatton o! the relationahtp betwe-en strua and den•ity !or 
compactible. materiala. The eonatants k and m 111 Eq'J.ation ( 1), aa deter
mined with the new teet technique, are pr.-.sented in Table z. 1, together with 
conatanta from previou• teau. 

Previou1 experiments with cornst.arch ar.d r.owdered milk indica.te that 
~·•• powder• exhibit a 11 atick-slip11 behavtor wher~ (:ompacted rapidly. 
Some evidence of this behavior can be seen. in Figure 2. Z (cornatarch) at a 
load of about ZOO pounda. For th• most part., however, it is clear that the 
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Taple 2. l Compaction Coutant• for Three Powder• 

m* m k. 

• 6.50 6. 75 4. 42 x 1·o7 

- 7.70 6. 50 z. Zl X 107 

-ZO. 8 -18.80 I.67xlo8 

compaction proceu for cornstarch is tree of irregularities at a compaction 
rate of 0. 02 in,/ min. On the other hand, testa conducted at a compaction 
rate of 0. Z in./min!or eight powdera including cornstarch exhibited much 
leu regul&zo behavior (lee Figure 2. 4). In tbeae tut1, powdered milk and 
1ac:c:h&rin as well as cornstarch displayed "stick-slip" behavior as can be 
aeeo !rom the t'i1ur••· These results are p.reunted with reaervationa, how~ 
ever, since it ia poalible that the irregularities may in part be due to air 
e11trapment in the samples ae a result of tlle hish compaction rate, plus the 
fa.ct that the pbton ueed in these teste was not vented. Effect• ol compac
tion nte will be inveatisatad in future tute with •uitable precaution• to pre
vent air entrapment. 

2. 2 Triaxial Shear Teett 

Conaiderable pro1re .. hae been made in improvins the triaxial tech .. 
nique £or determininJ the shear atrength of a compacted powder. A• pointed 
out in the .Eishth Quarterly Report 1, the conventional triaxial tut method 
leada to experimental difficultiee with comp!lctible material• becauae tho 
membrane u1ed to aeal the pow<let sample prevents a natural shear failure 
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of the l&mple. In order to eliminate thia effect, a modified sample prepara
tion procedure has been evolved that does not require u1e o! a 'rubber mem
brane. 

An exploded view of the auembly uaed for sample preparation ia shown 
l.n J'igure 2. S. The powder sample i.a compacted within a segmented cylin
drical aection, which ia supported by means of an extern4l housing aa ahown 
in the exploded view. The center segment is split into three 120-degree 
aectiona to fa.cilitate removal after compaction o£ the eample. The te.t 
specimen ill prepared by filling the cylinder with a. known. ma.aa of powder 
which:, then compacted by means of pistons forced into the cylfndrical 
chamber fl'om ea.ch Ol')d. Each piston is advanced a.t the 1ame rate durin& 
compaction of th~ aatnJ:-le to center the compacted material in the cylinder'. 
The fift&l a.verage density. of the sample is fixed by accurately defining the 
dht.a.nce between the piston' at the completion of the compaction proeeea. 
For. loc.ae powdera, extenlion,unita a.re pla.c.~d at eaeh end o! the assembly 
shown in lo'igure 2 • .5 to peJ:"mit initial compa.(.tion o£ the powder into the cen
tral eectiO:l of the-cybnder. 

Alter compact1o!l, the pistons are removed and threaded end plu1• are 
inatalled in each end cylinder to aive support to the compacted powder 
column. Th~ entire a.a eembly ia then ph.ced in th*' lnatron test machine and 
a load of about SO pound• ia applied to the end plt:.ga. { Thia load ia not 
applied to the powder, but ia car-rJed by the cer..tt'it.l cylinder.) The houetns 
may now be removftd, after which the load , s gr11du.a.lly released. Becauae 
o£ the elaattc r!&t\l.l'a of the compacted powder, a sma.llga.p will generally 
&rpea.r betweei the center cylindri<:Jt.l aegmenta a.nd the upper-end cylinder, 
thuft simplifyinl remova.). of the eegmertted center cylinder. (The center 
1ectton is made of m.f.l.gnetic atainleu ateel; thv.a, the center .. ection seg. 
menta can be re&.dJlv removed with A weu maa>:\et.} U thie procedure ia 
fcllowed carefully, the e.zpoted pc.wder will b.<!! free of crack• .or other im
pe:tfec:Ucne. 
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The sheal' atrength ol a.accha.rin compacted to aa aver&J-8 denaity a1 
0. 6!11/cm3 by the above technique haa been obtained by teat• conducted in 
the Iutt·on tut machine. The load-•train diagram for a typic~! te1t il 
1hoW11 i.n Fipre Z. 6. It il apparerlt th&t the aample failure ia very well de
fined, the load fallin1 from about 6. 7 to 0. S pounda as the aa.mple fa.U• in 
shear. By •topping the machine &t the instant of failure. it is po~&ible to 
remove the fractured teet 1ample intact. The typical appearance ol a 
aheared sample l a illuetrated by .P'igv.re Z. 7. The shear planes are clearly 
evident in the photoarapb. 

Thia technique ia cu..rr•ntly being extended to permit triaxial testa in a 
preuurized chamber 1. A thin laoae~fittin& membrane, encloaing the entire 
sample aaeembly. will be uaed in these teeta. By venting the interior of the 
membra.ne to ambient presaura. Ute desired lateral atreaa on the sample 
will be achieved; however, the looee membrane will be free to deform aa 
the sample aheara. n is belicwed that this modification. of th~ earlier teat 
technique will restt't in cleal'··cut failure of the te:at specimen•. 

In. orde2' to flAUy define the shear strength of a compacted powder, it is 
nec:euary to exa.mtne the ten.tile ehear strength of the powder as well aa ita --compreuive ehear strength. The reaaon !or this ia evident f~om a study of 
Figure Z. 8. Compressive a hear testa are capable of establishing the portion 
of tile •hear l0¢'1.1.1 B-C on the figure. However, the pure ahear ttrength of 
the powder r c~nnot be determined by the c.ompreuive tri.axial technique, 0 . 
11nc:e a tenaile streu muat be applied to the sample in order to perform 
tuts h~ the ro11ion A··B of Figure Z. 8. ln princl.ple, the triaxial test can be 
p~:rformed in this region by applying a gradually increaainJ as:ial tension to 
the sample while ma1nta.inina a c:on.eta.nt chamber pressure aa before. 
Attempte to canduc:t auch a teat at zero c·hamber pressure ha.ve not sue~ 
<;eedtd, however, beC'auae aa.mple failureinvana.bly occurs in. the plane of 
one of the end cylinders. Since sample failure in tension. should occur a.a & . res,.._lt of combined tenefon and shear, it is to be expected that the eample 
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should. fail in the maMer typified by Figure ~. 7 for the compreuive coue. 
Preaumably, the type of failure a.cnia.lly observed ia due in part at leaat to 
the constrainina effect of the end cylinder. 

It ia believed that meaanrementa of bulk tensile atrength lhould, ii 
poaaibll.'. be carried out in auch a. way that fracture occurs in the cellb'al 
region of the powder sample rather th&n at one end. A "natural" tensile 
failure may be possible U the teat specimen ia compacted 1.0 that. the center 
aec:tion has a reduced eron··•ec:tional area. Experiment• with a reduced
area sa.mple will be tried as soon as the modified center-aection cylinder 
can be !ab.ricated. 

A completely differer1t means of evaluating the ten1Ue strensth of a 
compacted powder is now under investigation. ln the proposed te1t, a ~.:om• 
pa.c::ted powder aample ia placed in a pressure chamber and. the pressure in 
the chamber i• aradually increaaed to a. preulec:ted value. After equilib· 
rium is eatabliahed, the chamber ia depressurized at a controlled rate. 
The a•·• entrapped within the porea of the powder sample will !low toward 
the audacll o£ the ea.rnple. The reaulbng vucoua atreeua at the powder 
aurface will tend to break the ralatively weak bonds holdins the particle• to• 
gether. If properly carried out, thie test should permit detection o£ a 
"threahold" condition at which erosion o! the powder 1urlace besina. From 
thta informdion. it may be pouible to compute the average atzoenath of inter• 
particle bonda. 

Thia poaaible meant of experimer,u.lly determ:z.ning the teneUe auenath 
oi cc,mpacted powders ia baaed on the !olloWlr.g obaervationa: l) Experienc:e 
ha.e ahown that air entrapment occurs within;.~ powder bed when compaction 
takes place rapidly. Thia ie becauae time i.e required for the air contained 
in the void space• to percolate through the powder. Alec, e"}le:rhnent• have 
ahown that compacted powder aample• subjected to a preaaurised ga• en
vironmen.t expand aignifkantly when the preuure Is suddenly released. 
Z) Even when compacted under high t~treues moat. powder• have void •pac .. 
amounting to 30 to SO p~nent of the total volume of a powder sample. 
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Thus, it ia clear that a. very ~onsideuble mau of gaa, capable ol aupplyin& 
a l.trge. amount <Nf mechanical E!Dergy, c.a.n be stored in a powder sample at 
preasuea of several atmospheres. 

It is appa:re~t that this concept m<Ly a.lso provide a. means for aeroaoll
:£atior. of compa.c.ted powders. This pouibility will be explored in the tuta 
now being plan:.~ed. 

2.. 3 ~-Ter..&ile Strength of Compr_!~_Powderl!_ 

~·~. the devt-ll)pmerr.t oi a method for the measurement of bulk tensile 
l z strer.gthe o£ compre!iised powders ' , we have previoualy confined our study 

to :t;J.nc c:a.dm•:um sulfide. In order to determine the effectiveness of our 
n1ethod :.n the meaau.rement of the ten~nle strength of other powders, we 
have exten.d~td our study to indude sac-r.hari.n, cornstarch, powdered milk, 
~~· a,.d tAlc. Agaln w*' have con1ln~d ou.r att~dy to three compres1ive loads, 
1454, 2130, and Z9l9 grams, and to a compreee1or. tf.me ofl-1/Z hour•. 
All meltBLrementa were ma.de in a controlled environment of 15 percent rel• 
;HJVI." humidlty. The resulta obta.inP:d are pres~nted in Figures z. 9 through 
z.. l?. I>i~.meter ot the powder plug w.u 0. 75 l nthes. Although talc was in
dudedin 01n studv, no val1d measurements were obtained. It was found 
tha.t lTpon runov~.l of the epr1r.g cbps holding the column segments together, 
the relectsfl ..::.f o!la.•uc energy tn thfl talc plug c-tuaed the column segment• to 

apri!'.g <opa.rt fr~c.turing the column of powder pr1or to measurement of the 
ter,Blle littrP.r,gth. The prettel'l.t appara.tt:s will have to be modified to over
com~. th'l s pr•: blem. .Figure Z. 18 is a. pr es~.t'td.tior .. of the variation of tendle 
suenaL\s of v~rious powdera .n the same compressive load. In this manner 
tb.tt J.Owders Cc.-\.n be chara.c.ter,:z;ed accord,ng to tht:il' relative tensile strength& 
fuWlb'1!1• in p<-t.rt, the purpose of the curre'lt st>ldy. 

tt ·,a sefn. that the data. do not follow the 1nmple exponenti~l relationship 
d . LZ proposP. ec~.rht~r : 
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where: 

a ... bulk tensile strength of a column of compreaaed 
powder at a diatanc:e L from the piston 

a
0 

• bulk tensile strength of the compressed powder im
mediately below the piston 

k = constant 

L = distance !rom piston to fracture plane 

U this deviatioc. from current proposed theory continue• throughout sub
sequent experimentation, it will be proposed that the bulk tensile strength 
may follow the relationehip: 

indicating that the experimental values obtained are in reality the sum of 
two exponentials, with equal elopes but opposite i.n aign. This would repre
sent a buildup of tensile atrength from the bottom of the column of com
pressed powder as well aa at the head of the compressive piston. Studies 
including variation• in total column length aa well as bulk density determina
tions will help to elaborate upon this. 

Z. 4 Shear Stnnsth of Comereued Powders by the Slidins Disk Method 

An extensive teat program ia now in progress in which the shear atren1th• 
of a number of powders are beinl determined as a function of compressive 
load over a wide range of relative humidity enVironments. For reaaon11 •Of 
c:onti.nuity the reporting oi these rtnulta wil:~ be delayed pending the comple
tion of thia study. 
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Z. S Bulk Density of Compressed Powders 

Durin& the previous quarter 1, a. study of the bulk density variation in a 
compreesed column of saccharin was made at variouf compressive loada, 
This study ha.a been extended, for comparative purposes, to talc. The 
apparatull and techniques are identical to those previously deacribed

1 
in 

which the loose bulk powder ie used to fill a segmented column 5·3/H. inch 
ID which, follow;ng eompress1on or the powder, is lhen cut into one-inch 
segments to determine the density variation throughout the column. In the 
apparatu1 described the total column length of uncompacted powder wa.s 
20 inches. A few preliminary experiments indicated that the talc wae suffi
ciently more compresaible than saccharin to neceseitate a 5-inch extenlion 
of the !ill tube in order to obl<~.in column lengths of the compreesed powder 
comparable to thou obtained for saccharin. With this revilion in the 
apparatue the column of uncompacted talc ia now 25 inches in length. The 
data obtained are preeented in Figures Z. 19 and z. 20. Figure 2. 19 shows 
the effect of increasing the powder column length. The broken line• repre
sent results obtained using a 20-inch column length prior to compaction, 
whereas the solid linea npreaent reaulta wi.th a. ZS-inch column length. 
Figure 2. 20 represent. the completed study !or talc. The plot for each 
compressive load represents the average of two independent determinations. 

The behavior of talc differed from that o£ aaccharin in two distinct waye: 
1) the decrease in density down the column is significantly greater for talc 
th11.n for saccharin, and Z) talc displays a considerable releaae of elastic 
energy following the removal of the compre saive force. Thie dif!erenee wat 
also noted in the bulk tensile strength meaeurementa discuued ea.rlier in 
this report. 

Our continued study of tho radial variation of the bulk density in a. column 
of compressed powder indicates that the differences in density previou,.ly 
reported 

1 
between the inner core and the outer annular segment were due to 

experimental error. Refined experimental techniques show the ab•ence of 
~i gnificant variations in the radial distribution o! bulk densities of com
preased powders. 
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3. AEROSOL STUDIES 

The a.eroaol studies of the present quarter have proceeded a.lona those 

mentioned at the concluaion of the last report1• A number of runs have 

been made at three humidity conditions ~ leu than 5 percent, about SO per

cent, and greater than 95 percent - !or each of five different powders. The 

poaslbillty of obtainina more direct information on the aerosol condition by 

analysis of the noise level on the light-scattering sianals has been inveati· 

gated, with positive results. Some time was devoted to the problem of ob

taining an initially well-dispersed aerosol, resulting in the development o£ 

an alternate method o{ dispersing powders. Further work, chiefly involving 

ion injection, 11 outlined in the concluding section. 

3. 1 Study of the Efiects of Environmental Humidity on Aero1ol D•ca~ 

As a preliminary step in the atudy of humidity effects on the decay of 

aeroaola, runa have been made at three humidity condition&. One aerie• o£ 

runs made uae o{ normal room humidity conditions tha.t were in the range o! 

45 to 50 percent during the petoiod covered. In a second series of runs, a 

low humidity condition was obtained by placing a pan containing molecular 

sieve desiccant on the floor of the chamber near the fan. Alter the chamber 

wa.• c:loaed and the fan turned on, a check with ~n Infrared hygrometer 

showed that the humidity waa reduced to lese than 5 percent after 1-1/ Z 

hours. A third •eries of runs was made with a pan of water ln place of the 

pan. of deaice~r.t. The hysrometer ahowed that the chamber humidity roae 

to greater than 95 percent 1-1/?. houra after closing the chamber. 

Five powders ·- talc, saccharin, cornstarch, powdered &'Jgar, an.d 

powdered milk ·- were run at each of the three humidity conditions. The 

stirring fan, with the amall (4-inch) blade, was operated at 35 volts through

out each run ao that the decay observed was 1n each caae "turbulent" decay. 

The powder diaperaing system waa operated as deacribed ln the last report. 
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No attempt waa made to pree;undition the powder aa.mpl .. prior to di1per1 • 

ing. Only one of the two light-scattering units waa used in this work, since 

it watt shown in the last report that the two signals were identical !or the 

stir red a ettling caae. 

The light~ecatterinJ data from the humidity runs are shown in Figures 

3. 1 through 3. S. The runa for talc and saccharin were repeated; these 

showed generally good reproducibility. It will be noted that the !five powders 

fall into two categories &I resarda the effe(.t Ot AUmidity on aerosol dec~y. 

Sa.ccha.rin is the prototype lor the powders of the firat category. The 

decay rate for saccharin was about the same in the S a_nd 50 percent relative 

humidity environments, but was somewhat larger at 95 percent relative 

humidity. Cornaurch and powdered m1lk behaved eimil11.rly. 

Powder• of the second category, talc and powdered augar, exhibited a 

dtffere!:t beha.vior. For talc the decay rates were about equal for the two 

eJCtreme humidity c::ondibons an.d.!!!.! tor the intermediate humidity condi

tion. ~n aummary, the decay rate for puwders of the 1econd category fiut 

decreased, then increased with increasing humidlty; whereas powders of 

the first category exh:ibtted decay ra.tea that 1m.reaaed monoton1cally with 

increaainl h11mi.dity. 

The behavior of a.eroaoh expoaed to V-'lri.oue humidities is difi'h;ult to 

interpret in terms c:.f fundamental decay proceuea. The behavior of pow· 

ders c.f the first cate1ory seems quite reasonable, L e., increased humidity 

increa.•~• either or both the agglomerahon r_...t, and rate of loaa to walls. 

However, the behavior of powders of the second ca.tegory 11 more difiicult 

to expla•n... For the latte.J: category, the eminent possibility would seem to 

be that m<: rea.a1ng humidity enhanc:e11 one of the rates and retards the other, 

one rate dominating at one extreme humidity condition with the other rate 

dominating a.t the other extreme. Thue, ii a. hypotht•tical decay rate para-

meter A. a comprised of two parta, A. ttli + i\. 1 ti the observed ae ng agg omera on, 
behav1or c<:>uld be accou.nted for as indH:ated tn Figure 3. 6. For the present, 

3 ·-Z 

Page determined to be Unclanifted 
RevieWed Chief, ROO. WHS 
tAW EO 13526, SectiOn 3.5 
Uate: 

2 8 lf'R 2013 

l 



fr 
• • 

lr I • 

Ji 

-It .. ·a 
p 
>-
"' If 
b .... 
..0 .. 
~ 
~· ~ 
llll ... 
til 
llll a 
·~ 
Cl 

~ o. 01 

' .. 
fo 
;:3 

Time (min) .. 

Figure 3. 1 Effect of Htlmidity on Decay of Talc Aerosols(~ SZ mg Samples) 

3-3 
Page determined to be Unclassified 
Re'Vifted Chief, ROO, WHS 
lAW EO 13526, Section 3.5 

Llate: 2 6 J.PR 2013 



0.7 

-Cll o. 1 +I ·a 
~ 
>-.. 
~ 
J.4 
+I ... 
..a 
~ --l .... 
V,) 

bO 
R ... .. 
~ .... o. 01 nt 
u 

r:l) 
I .. 

A 
till 

~ 

0.001~------~------~~------~------~----~ 
0 10 zo 30 40 

Time (min)-+ 

Fisure 3. Z Effect of Humidity on Decay of Saccharin Aeroaoh (• '7 mg Samples) 

3·4 
Page detennined to be Unclassified 
RevieWed Chief, ROD, WHS 
lAW EO 13526, Section 3.5 
llate: 2 6 fiJR 2013 

l 
i 

I 
I o 



1 
L 

F 
I 
! 

I 

o. 7 

RH <5~ 

RH • so~ 

0 10 20 30 40 
Time (min) .. 

Figure 3. 3 E!£ect of Humuiity on Decay o! Cornttarch 
Aeroaola ( '".550 mg Samples) 

3-5 
Page determined to be Uncllsslflecl 
Reviewed Chtef, ROO. WHS 
lAW EO 13526. Section 3.5 
lJate: . 

f2 6 N>R 2013 

I 

! 
I 
l 
\ 
j 
l 
I 
1 
I 

I 

J 
I 
I 

! 



RH< S~ 

RH> 95~ 

0 10 zo 30 40 

Time (min) ... 

Figure 3. 4 Effect of Humidity on Decay o{ Powdered 
Milk Aeroaola ( • 550 rna Samples) 
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Figure 3. 6 Proposed Mechanism for Anomalous Humidity Effect 

we shall not speculate further on the mechanbma behind the humidity effecta. 

Certain theoretical considerations that may be pertinent are forthcominJ and 

!u.rther experimental work is planned in this area, 

3. Z Consideration• on LiJht·Seattering Noiae Levels 

It wae noticed during the work of the laat quarter that the noi•e levels 

on the liiht -ec:attertngt'ecorde were consiatently higher for talc aerosols 

thar. !or saccharin aerosola. Some of tho work of this q,uarter waa devoted 

to h:.veatigating thia phenomenon, Actual CCP'Jel of typical recorda are 

sh~Wf!. ir.. Fipr~ 3. '7. The lmporta.nt potnt to be noted is that for a given 

ece~thr;.ng signal. the nniee level (breadth o£ trace) for talc 11 about twice 

tha.t for sa.c chari n. 

The r.oiae observed may have one or more origine. Fluctuations may 

~:~.rise from the light source, from the aerosol within the scattering volume, 

from the photomultiplier tube, or from various point• in the amplification 

system. In order to study these points, two ayetema of illumination other 
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than the u1ua.l light scattered £rom an aerosol were trled. The firet made 
uae of a radicactive standard light source that was taped inside the chamber 
to the window facing the photomultiplier tube. Masks were used to control 
illuminat::on. The second method of illumination consbted o! light scattered 
from a bottle of distilled water placed in the c l1amber at the scattering 
volttme. Illumination was controlled by adjusting the voluge of the light 
•ource. The noue resulting from these two methocU of illumination, to
gether with noi•e level• from talc: and saccharin aeroeols, are shown in 
Figurf'l 3. 8. 

Figure 3. 8 1howe that the noi•e leveb from the two auxiliary method• 
of illumination, the radioac:ti.v~ light sourc~ and scattering from distilled 
water, are very nearly equal up to about J rrw !1&"'" 1. Both aerosol noiae 
1evt!ll a.re eornewhat higher. Since the fluctuations in the scattered lfght 
are independent of those fluctuations operative without the aerosol*. we have 

(observed fl1.ac.tuct.hon)2 = ( 
fluduao on \ l + ( i ntrinaic )z 

due to aerosol) fluctuations 

3. 3 Mathemat1ci.l Analysis of Flue tuationa in the Light~Scattering Sisnal 

The experimenta.Jlv discovered phenomena of fluctuations in the light
scattering signal ha.ve motivated further theorehcal analyaia which will be 
preaented in this section. In the proceaa we 11hall rephrase c~rtain partl o£ 
the work preaented in the last quarterly report 1 and extend certain de£ini
tlona given there. 

~The .fa.c:t thatthe two auxiliary methods of illumination yield the same noise 
level indicate• that this "intrinsic noise 11 arhes in the photomultiplier tube 
or the aub~equer.t electronics. A 11imple calculation based on the theory of 
the shot effect indicates that the origin ia in fact shot noiae in the photo
multiplier tube. 
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Let N(t) be the number of particles in the aerosol at time t. The cor

responding cumulative particle size distribution N(d, t) a.nd particle size 

diatribution N 1 
( cl, t} are defined as before 3, as are the fractional dhuibu

tiona n( d, t) and n' (d, t). 

The analyaia that follows will emphasize the randomness au,cia.ted 

with &eroaola, a point of view which in light of experience is more in accord 

with fact. than an analysis emphasising the regularities of aerosols. We 

aesume that at any particular instant t, the N(t) particle. are distributed 
I 

randt'mly throu1hout the chamber, the distribution beina in a constant state 

of flux bec:a.uae of air currents. At a.ny particular time t certain particles 

find themselves in the light·· Scattering volume 4 &V, while at some later time 

other particles are so located. We auume that thil constant exchans,e of 

light-acatterins sample• ia equivalent to random samp_ling of the aeroaol. 

The following analysis alao requires that many samples be taken over an 

interval of time during whfl:h N(t) Ia approximately constant. An o•cillo

ac:ope study has shown tha.t thi8 nquirement ia probably aatiafled for the 

aerosols under study. 

Under the asaumptjonl just made, the aerosol a&mpling proceaa obeys 

Poiuon statistica•, wherein the probability p(m) that exactly m particles 

are located in a sample of volume av picked at random is 

p(m) : ~~ ( N(t) ~] m · exp [ ·N(t) ~] • (~) 

U ma.ny independent aamplea of ahse &V are taken, the expected average m 
a£ m i1 

• 
m ii E mp(m) = 

m=<O 

ev N(t) "'V' , ( 3) 

.E See, for example, the di•cuaaion of Po1uon'• distribution in Feller, An 
introduction to the theory of probability and ita application, Vol. I, 2nd 
edition., John Wiley Br Sons. 
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h 1 th -,z w i e e expected mean square fluctua.tio11. (m - m is 

-2 {rn • m) ;a 
Z -Z 

m - m = 
OD 

r z ) -l m p{m - m 
m=o 

(- -2 -2 = m+m ) - m = m 

-(4) 

The light aca.ttered may now be calculated on a statiatical basi•*· Suppoae 

that at ttme t it ia known that there are exactly m particle• in &V. The light 

acatte:ed ia 4 

(5) 

where dl. l• the diameter of the ith particle and a(di) ia the conelpondina 
acatterir.l erose-section. The dt• however, mu•t be predicted by ttati•tica. 
If the ith of the m particles i1 regarded aa picked at random, the probability 

that i.ta diameter ia ir., the range {di' di +&di} ia juat n1{d1,t), The averaae 
value (1 8 ) of (:£1 ) 11 found by averaging {£8 ) over all pouible values of m m m 
etj.('h d. Thu• 

!. 

* Tt,e a.na.lyaia given here is modeled on the analyata of the •hot effect by 
S. 0. Rice. Mathematical analysis of no1.ae, Bell System Techr:Ucal Journal, 

::) .. 23 lit 24; The rea.aontni is further elucidated in Lindaey and Marionau, 
F0'..4.ndat:ona of phy•ic•• Dover Preas. 
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ith integral miuina 

( 6) 

The latter atep make• uae of 

Similarly, the m intesrals in the aum diifer only in integration variable, ao 
that 

-{l8 )m =- m /a (d) n 1(d, t) Od 

-:a m o (7) 

where uae hat been made of the definition o! the average croaa-aection i. 
At thi1 point tho reatrtction to m partielu may be lilted. The average 

acattered liJht 18 ia given by 

.. 
I: p(m) • (i'Jm 

m=o 

.. 
,. I eo " E mp(m) 

m=o 
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i The calculation scheme used it aomewhat over'?owerful for this problem, 

the result of which could have been aeen directly. The 1ame method, how• 

ever, may be used for the more subtle problem of calcula.tina the fluctuation 
of 1

1
• 

The fluetua.tion of I
1 

ia found by calculating I
8 

2. and muing uae of the 
identity: 

{I ~ 1 >2 • ~ - T z 
• • a a 

(9) 

The expres1ion for 18 Z lor the ca.se where m particles are assumed is 

Avuagi.ng over the variety of parttcle sizes gives: 

(I 2) 
• m 

(ll) 

The double sum contains two distinct type I of terms, ae seen in 

-('' l) 
.... m = 

m m 
+(I !IQ )l i~ jf:t [f a(di) n1(d1, t) 8di]· ~ a(dj) n 1(dj' t) edj) , ( 12) 

iFj 
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z There are m terms ol the first type, whereas the remaining m - m term• 
a.rG of the second type. Thus 

Aaain li!tin.s the reltriction to m particles: 

l 2 = •• 
.. -E p(rn) • (I z) 

• m m=o 

.. - aD = (I eo )2 a 2 r. m p{rn) + (leG )l a2 L m (m • 1) p(m) 
m=o m:so 

The mean square fluctuation (1
1 

-1
1

)
2 is therefore 

- )2 ,2- z (I ·I =(lea ma, • • 
and the fractional root mean aquare fluctuation t. 

t 
-L ( <r ·-1 )z} 
T • • II 

(13) 

(14) 

( 16) 

Thia completu the c:alculation of the fluctuation. It ia to he noted that 
in the caae of a. monodisperae aero•ol, az = ;z so that the fluctuation. pro
vide• a direct measure of 

m = N(t) ~ ( 17) 
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U the ~erosol ia polydiaperse, we have :Z ~ ? so that polydilpereity in~ 
c • \!·. :-.e.· t:1e fluctuation, a• one might expect. The formula snows the form 
of the dependence . 

The formula for the fluctuation is generall.a that the diJtributioa 
n'(d, t) from which it b derived haa been left quite arbitrary. More specific 
reaults are &vailable if a specific form !or n'(d, t) is auumed. Before taking 
the full step. auuminl n 1(d, t:ro) il logarithmic normal, we digren alightly 
to arrive at an unexpected rl!!sult. It will now be assumed5 that 

<1(d) (18) 

and that 

N'(d, t) = N'{d, o) • exp [ - v}t) t] (19) 

In consequence 

N(t) = f N 1(d, t) 6d 

= J N 1(d, o) exp [ - vw) t] &d, 

and 

n'(d, t) = N~~·)tl 

N
1
(d, o) • e.xp 

= 
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The e.xp:reaaion for the avera;e scattered light, Equation (8), ia 

1• = l8Cl iii'; • 1M N(t) ~/~(d) n'(d,t) ~d 

= I eo ~ fa( d) N'(d, t) &i 

The rate of cban1e of !
8 

it 

di ev ~ , 
Tt "' I~ 'V /a(d) at N (d,t) ~d . 

Now, 

ft N
1

(d, t) = N
1
(d, o) ft exp [ ~ vJt) t] 

:s ~N'(d, o) v~d) exp [ ~ ~ t] 

• ~ v(d) • y · N ( d, t) • 

It may be noted, however, that 

= ~. *fr <t(d) , 

(Z2) 

(23) 

(~4) 

(25) 
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so that 

= 
"PI av z 

- JTjlr !tel "V J [ O(d) J N'( d, t) Od 

= · ~ IaQ ~ N(t) f[ a(d)] a n'(d, t) Od 

(Z6) 

But (I6C1 )z m ~ ie the mean square !luctuation. Thu• 

(27) 

In other word•. the rate of change of the light scatterint is proportional to 
the fluctuation. The remarkable point is that the expreuion ia quite in• 
dependent of the initial particle lize di1tribution N1(d, o), Thi1 relation may 

afford a means of directly checldnt the de1ree ot valldlty of the a••umed 
relation•: 

and 

a(d) 

N1(d, t) = N'(d, o) • exp [ ~ v~l) t] (Z8) 

It may d1o be noted that, u11der the hypotheaee introduced: 

= 
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which may help to clarity the aignilicanc::e of the logarithmic derivative. lt 

il independent of mas, of course, it should be for nonagglomerative deca,y. 

.i ; t 111 auumed that the initia.l particle size distribution is logarithmic 

normal. it may be seen that the various expreuioc.a take on the !orm of the 

turbulent .. ttling integral diacuned in the la.at report. Thi• point will be 

reported on at a later d&te. 

3. 4 A Swirl Powder Diaperaer 

lt W&lt mentioned previoualy6 that the present method of dispersing 

powders in the aerosol decay chamber leaves something to be desired. 

Du.rinJ the present report period, a new dispersing ayatem w&l deslgaecl. 

Th,. new di speratng ay wtem differs from the old 1y1tem in that 1) it it in

tended to introduce the powder ov&.t' a period of several 1econds rather than 

in a sudden burst as did the old di1perser; and Z) the new disperser ts de

signed to partially aeroaolize the powder before injection. 

The swirl dbperser, shown ac:hematically in Figure 3. 9, coaalata ol a 
ahallow cylindrical chamber which ia mounted edgewiae on the aerosol chain

bar wall. Dry nitrogen is admitted into the cylindrical diaperaer cham~r 

(which ia two inches in diameter and about one-half inch deep) throup two 

ta.ngenhal jete (711 micron• in diameter) in auch a way that the powder ia 

made to swirl. There are two exit ports, each 1016 microns in diameter. 

that form a 45-delree angle with the tangent to the powder chamber. 

Therefore, powder particle• mu•t negotiate a •harp 45-degree turn in order 

to leave the ciiaperser. The ratio of outlet port area to inlet port are& ia 

about l: 1: therefore, at equilibrium !low c:ondttiona, the preaaure in the 

diaperaing chamber it one·-h&lf the supply pre~eure. Both inlet and exit 

flow are aonic, provided the supply pressure it il'e&ter than 45 pli. Flow 

ratt' il o! the order of llteu of free gaa per second. 

An experimental model of the new disperser-Produced aeroaola that in 

general were cona1derably more stable than those produced by the old die

perter. The major drawback of lhe 1wirl dieperaer tl that a powder realdue 
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coata, or in the caae of aome powdrra, actually cakes up the in1ide o£ the 
diaperaer. A. carefully made model with polished interw aurface1 may 
alleviate these diliicultiea. While the swirl diaperaer ma.y not be the ulti· 
mate dilpeulng tystem, it at laaat providu an alternative method of 
diaperatns powders. 

3. S Concluaione and Plans for Future Work 

The experimental work of this quarter has revealed some pronounced 
e.Uects of humidity on the stability of aerosols. One surprising feature ia 
that for aome powden the decay rate does not vary monotonically for in
creating humidity. Some of the humidity rune will be repeated uaing the 
new diaperaing technique described in Section 4. 

Invutiaationa up to this point have involved injecting particle• into an 
atmoaphere eontaininl a background level of about 103 ion a/ em3• Future 
worth planned where thia ion concentration may be pushed up to 106/cm3 

by mean• of a Whltby-type ion generator. This device produces either poai
tive, negative, or equal amount• of positive and negative ioM. 

One may expect that work with different ion concentrationa will add 
conaiclerably to our knowledge o£ aerosol stability. Ion injection may prove 
a u .. ful expel.'imental tool in determining the relative importance of decay 
proceuea, alnce injection o£ iona of one sign only will clearly favor ael'otol 
decay by precipitation on walla, wberea• injection ol ionl of both aign1 
would favor aaaiomeration. The literature on charged aeroaola h rather 
extenaive and 1hould prove helpful in interpreting experimental reaulte. 
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4. DISSEMINATION AND DEAOOLOMER.ATION STUDIES 

4. 1 General 

During this period the blow~down wind tunnel was utilized in three 

uparate investigation• related to the diuemination of dry, finely-divided 

materials. Major emphasis was devoted to deii&'ling the maximum bulk den• 

aity of~ which could be efficiently aerosolized by the aerodynamic brea.k· 

up mechanism. For these teats the concentration of the fine aerosol cloud 

was determined over a range of bulk denaitiu. When used in conjunction 

with our other methods of aa •euing the aerosol, l. e. , filter and impactor 

samples !or observation of small and large agglomerates respectively, thil 

method serves to Mtablish the point where di•••mination becomes inelficiea.t 

aa bulk density ia increased. Secondly, an investigation waa conducted to 

determine the aerodynamic performance oi the ejector shroud component oi 

the prototype dry agent diuemina.tor, so as to minimize the contaml:nation 

ot the store. Thirdly, a atudy waa made of the effect of storing ~ in a 

compacted state. 

4. Z Aerosol Concentration Measurement• 

In studying the performance of the GMI~3 disseminator in the wind 

tunnel at a flow rate of 30 lb/Min by uae of the full-now impactor, lt was 

found that the quantity of ~in the form of large agglomerates ( 100 to 500 

microns) increased rapidly when the bulk density was increased above O. 60 

g/cm
3

. However, at these high deneitiea it was impoaaible to determine 

directly the quantity of material comprising these agglomerate•, since many 

of them were impacted on the tunnel wall oppofite the point o£ ejection. 

Therefore, it was found advantageous to sample the fine aero1ol, which was 

I'ISaentlally deagilomerated, to determine its change ln concentration. 
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Impactor teats have shown that the large agglomua.t~a were heavily 
concentrated In the top half of the tunnel, oppoaite the point of diaaemina· 
tion. Also, it was found that the fine deagglomerated aerosol cloud wa1 
located along the bottom wall. In order tu sample the fine aerosol, the high
velocity sampling probe was located at 0. 5 inch from the bottom wall and 
aamplea were collected on Millipore filters. The quantity of!~ collected 
was determined by measuring the turbidity of the sample11 with a calibrated 
Bausch and Lomb spectrophotometer (light extinction method). 

In Figure 4. 1 the result• of this work are given for free stream Mach 
numbers 0. 5 and (), 8. The measurements· indicate that the concentratic.n o! 
the fine, deagglomera.ted aerosol is essentially independent of the bulk den• 
sity in the range 0. 33 to 0. 57 g/cm 3. However, above this range the quan• 
tity of material in the fine aerosol cloud decreases with increasing bullt 
density. Conversely, the results indicate that as the bulk density exc:eeda 
0. 57 g/cm

3
, a greater quantity of the material is comprised of large ag

glomerates which do not readily break up. 

Notice that the two curves break at approximately the same bulk density. 
This was a rather unexpected result since the maximum aerodynamic !oree 
exl!'rted on agglomerates during diuemination is proportional to the square 
of the !ree stream velocity. At Mach number 0. 8 the deagglomeration force 
is about z. 5 times that at Mach number 0. 5. An explanation for this behavior 
i 1 that the strength of the large agglom".'ra.tes inc reaua rapidly with bulk 
denaHy in the region of the break point. Figure 4. 2 show. the force required 
to compact this lot of Sm to bulk densities up to 0. 61 g/cm 3• The curve i• 
an exponent1al that tncreaaes rapidly with increasing bulk densities above the 
0. 55 g/cm3 level. 

The experimental technique employed in this study, measurement o£ the 
dea.gglomerated aerosol concentration, derenda on the claaaification of 
material into large a.~glomerates and a. fine aerosol. In order to determine 
whether the samples collected were representative of the fine aerosol con
centration a,d to determine the effect of sampling probe position. the 
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concentration gradient within the .fine a.ero•ol cloud waa mea•ured !or the 
two bulk densities 0, 33 and 0. 57 g/cm3. The reaulta a.re shown in Figure 
4. 3. The concentration of the aerosol cloud waa euentially the same for ,, 
the two cue•, ind.icatina that the quantity of material that ~· de&IJlom· 
erated during di••emlna.tion wae similar. There appear a to be aome differ
ence in the gradient at the 0. 75-inch diata.nce; however, this ahould have 
only a •mall effect on the whole £ine aeroaol cloud. The difference in the 
abaolute value• ahown in Figures 4. 1 and 4. 3 is due to an e .. enti•lly ~,ya
tematic error in the data of Figure 4. 1. Since this study is concerned.''with 
relative changes in concentration, such an error doea not alfect the inter
pretation o£ the data. 

It can be concluded !rom t.hia atudy that the maximum Sm bulk density 
which is !eaaible for dissemination is about 0. 58 g/cm3. 1~ imp~l'tant to 
ru.li.ae that the Sm sitnulant waa not stored in the compacted state for thia - ' work. Recent data indicate that atorage of the compacted material will 
aomewhat reduce this value (eee Section 4. 5). 

4. 3 Shroud InveatiJation - Prototype Dry_ Agent Diueminator 

In planning the prototype dry agent diueminator, it wa• decided tha.t the 
agent should be injected into the air stream at a aubatantinl dbtance outward 
from the dbaeminator store to prevent e:x.:e.,ive contamination o£ th• unit. 
Wind tunnel studies have shown that the agent aerosol cloud will flow along 
the •kin of the 1tore i! the orifice ia positioned flush with the surface. 

The original •hroud deeign ia ahown in our previou• report 
7
• It pro .. 

jectl outW&rd five inches from the atore. Becauae the requil'ementa that 
the ahroud must contain a valve mec:hanlam and that the c:ord length could 
not exceed ten inehel, an elliptical cylinder confi.uration was choaen. Thia 
shape ia not the moat eati a!ac:tory from the aerodynamic standpoint. and 
therefore. a plate waa designed !or the end of the shroud which would pre
vent the aerosol from flowing into the low~preuure separation repon along 
the trailing edge. 
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Very little information on such an application ia available ia .the liter· 
a~re. Couequently, it waa necessary to investigate it1 performa.nce in 
the blow .. doW'I1 wind tunnel. A model of the shroud was constructed to a 
Jeale.ol one-fi!th.the actual aize. The croaa-aectional area of the model 
waa approximately 11 perc.ent of that o~ the tunnel, allowin1 a free at:ream 
Mach number of 0. 65 to be inveatig•ted. without choking the flow at·the model. 
To simulate the prototype unit, the ratio of the wall boundary-layer thick• 
neu to mod.ellenath waa made, similar to the actual case. The boundary
layer thickneu was meaau.red and found to be in agreement with our pri'J· 
vioualy calculated valueJ. The 1\eynoldl number o! the shroud ia an.other 
important parameter. However, it waa impossible to aimula.te tbe prototype 
in thia reapect. The Reynolds number baaed on the length of the shroud 
from tl,e leadina edge will be about 36. 7 x 1 o6 £or the prototype unit. while 
the maximum Wft could obtain from tha model was z. 1 x 106• Since flow 
•eparation ia retarded with increaeed lbynolda number, the reaultl from the 
wind tunnel study can be conaidered conaervative, l. •·, the prototype ahoulcl 
perform better than the model. 

· The inve.tigation was primarily based on photographic ob1ervatione ol 
the aaroaol flow pattet-rn and powder de:,oaita on the tunnel wall and :model. 
Aeroeola were aenerated !rom lour materiala: tale, zinc cadmium aullide, 
iron oxide pigment, and~· The piament waa moat helpful when •tudyinl 
the powder depo,ita, whUe ~and talc were e•pecially 8Uitable lor ob~erv
inl the a.eroaol flow pa.ttern during the teste. 

The first run• were conducted without the end plate moun.ted on the 
ahroud. The resultin1 flow patterft wae uneatlsfactory aa a. portion o£ the 
aeroaol flowed downward alona the back of the ahroud belore moving in the 
down1tream direction. There waa a large amount of powder depoaited on 
the tunnel wall with thia coniiguratlon. 

By addinl the end plate to the shroud the amot&nt of material deposited 
on the back o£ the model and tunnel wat ai1nificantly reduced, althouab thia 
arran1ement wa.a still c:onsiderc:cl unaatitf&ctory. Figure 4. 4 ahowa. the 
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Figure 4. 4 D~::po•ition of Iron Oxide on Trailin11 
Edge of Shroud and on Tunnel Wall 
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model and tunnel wall deposita. Note that on the wall there appears to be 
two deposit areas. One is located at the back of the shroud while the second 
begins about three inches downstream of the shroud and continuea downward 
along the tunnel. The explanation £or this pattern ia that the material waa 
collected on the model because a portion of the aerosol flowed directly into 
the separation region along the back of the shroud, while the wall deposit re
aulted from turbulent mixing downstream of the shroud. 

Modi!ications were made to the original model to reduce the effect of 
flow separation·. Roughneea elements auch as line emory cloth and wires 
were secured to the forward surface of the model to generate a turbulent 
boundar_y layer on the model and thereby retard the separation point on the 
model. However when theae teat111 were made, much more material WI\IJ 

deposited on the bue wall. In actuality these turbulence generaton cau.ud 
more uvere separation because they were too thick for the existing boundary 
layer. 

In another caae. air waa injected into the separation reaion behind the 
shroud to increase the preuure. These te1ta showed that by this technique 
all material deposits on back of the shroud and on the wall di:rectly behind 
the shroud could be eliminated. However, the only solution for reductns 
the downstream wall deposit was to add a faring to the back of the shroud 
which would reduce turbulent mixing. 

Figure 4. 5 showa the model faring modification lhat was teated. The 
len1th waa inc:rea1ed by 50 percent. Observations and motion pictures such 
aa shown in Figure 4. 6 indicated this configuration waa a eubetantial im
provement over the original one. 

Aa a result o£ thia Wind tunnel study. the shroud deaisn for the prototype 
unit was modified. The dimensions for the new shroud are given in OMI 
drawinc SK Z9100-795 in Appendix A. 

To estimate the amount o£ material that might c:ollec:t on the diasemina
tor store using the improved shroud de11ign, a known quantity of viable ~ 
was injected into the wind tunnel. Three areaa of the tunnel were waahed 
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down and the u.mplu were a"ayed uaing standard techt1iquee. Figure 4. 7 
shows the concentration of viable organisms on the wall as a function of dl•
tance from the injection point. The c::cmta.mina.tion increaae; be1innin1 about 
nine inche• downstream of the ejection point, indicates that turbulent mixing 
become• important in this region. U the acale model had been made with a 
portion of the under side of the store, the tapered tail section would besin a't 
about six inches downatream of the point oi dissemination. Since the atQre 
begitt.l to taper well ahead of the resion where contamination ittc rea.ae wa• 
observed. it is believed that the condition will be much more favorable on 
the prototype tmH. The total organism count on the tunnel wall over the 0 
to 8-inch length wa.a found to be 5 x l o3 organisms when. the wind tunnel wa• 
operated at Mach number 0. S. Since 15 .. 1 x 1011 organtema were aero
oolized during this run, about 3. 3 x 1 0~ 7 percent of the material dissemi
nated may collect on the etore. It should be emphasized that thia is only a 
rough prediction o! the contamination that could be expected on the ~ctual 
store. It h extremely difficult to simulate the actual flow conditions around 
1uch a atore with a. sealed-down model. However. we believe that if any 
diifereoc:e exists between the prototype and the model, the prototype etore 
will have the better performance. 

4. 4 Wind Tunnel Boundary Layer 

In the above ehroud investigation it waa pointed out that the ratio of 
boundary-layer thickneu to shroud length was important in aealing the 
model. Therefore, the boundary-layer profile wa• measured at Mach num
ber• 0, 5 and 0. 8 a.nd compared with a theoretical calculation similar to that 
dilc:uued in QUr earlier report8. 

The vehcity profile waa determined by meaauring the stagnation pres
lUre at numerous points in the air stream and the static preuure at the 
tunnel wall. The temperature withiu the boundary layer wa.a a .. umed con
stant. A double impact probe was made from 0. 03Z-inch outside diameter 
tubing auc:h that for each run two stagnation presliiU.tea were measured, one 
in the free stream and the other within the boundary layer. 
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.'The l'eiUlting boundary-layer profilett are shown in Figure• 4. S and 4. 9 
!or free 1tream M&.ch number• o. 5 and 0. 8, reapectivttly. The velocity, 
plotted on the ab•c:ias&, ia normalised to the free •tream velocity. Notice 

. that the meAiured bound•ry-layn thlckne .. ia •imllaz to the calculated 
value in both caua ana that the tree atream velocity is quite uniform. 
Within the boundary layer. a dif!erence between the theoretical and me&.• 
aured profile may be due to atagnation probe errors or the fact that the 
boulld&Joy layer ia in tranaition. !rom the laminar to the turbulent boundary 
c::onditl.on. Correction factors were calculated to cleterzrdn. the probe error, 
which waa fou~d lleJligi'ble. Using the Reynold• number baaed on tunnel 
lenath (Reynolds number = 1. 77 x 106 !or Mach number 0. !; Reynolds num
ber = ~- 82 x l o6 for Mach number 0. 8) as the eri.terion for judgment, it il 
thouaht that the boundary layer ia in tra11aition between the purely lamiu.r 
and turbulent condition•. 

4. 5 Sm Storate Tnt 

The influence of storage on the phyaic:al propertiea of compacted pow• 
den ia considered an important parameter in clilaemination. In the case of 
noncompacted ~· atora1e periods on the order of one year have very little 
detrfmenta.l effect on the aeroaolization of the materu •. l. In our diaaemin&• 
tton teata. only small amount• of etrons asglomeratea have been obaerved 
in material that hae been etored at a tetnperature of o• F for long pel'ioda, 

A atudy waa conducted to determine whether stora1e of!!!!, in the com
pacted form would reduce the aeroaoliution e!flc:iency durin1 c:li11emlnatlon. 
Therefore Sm waacompactedtodenaitiea ranging !rom O.SZ to 0.60 g/cml 
in a dry box and atored in a deep free••· Alter ten week• the material waa 
diueminated with the GMI-3 fixture at a !low rate of about 30 lb/min into 
the wind tunnel at Mach number 0. 5. 

Our •tandard mathod1 of aaeell8inl the aero•ol were u1ed which included 
the full-flow impactor and the aamplin1 probe. There waa a definite change 
in the characte:rbtic:e of the material - over ths full d.enaity range covend 
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there was ao increase in agglomerates preseot ia the aeroaola. · Ma.terial 
stored at deoaity 0. 60 g/cm3 did not aerosolize satisfactorily. Art excea• 
aive amoun.t of large agalomeratea (100 to 500 microns) were obaerved on 
the impactor plate. Results with this particular material were similar to 
those obtained at 0. 65 a/r::m3 when the material was not stored ln the com
pacted condition. 

Material stored at 0, !4 g/cm3 aerosolized satisfactorily. In &~lysing 
the filters for small ac:ale agglomeration ( 5 to 20 mic:rone), it was foun.d 
that because o! agglomer&tion in the 5 to ZO-micron tans• an eatim4ted 14 
percent of the useful 1 to 5-micron material was Jost9• 

Baaed on these 1tora.ge inveatigationa, it appears th.:a.t the maximum 
bulk density that can be atored for relatively lona periuda and subsequently 
di sael)'llnated satisfactorily i a about 0, 55 g/ em 3. Thus, the effect of •tora11e 
will tend to reduce the maximum density that ca.n be feaaibly di1aeminated a• shown in Figure 4. l, 

A larger and more detailed study o£ the effects o! a tor age on the chauc • 
teriatica ol compacted ~ h&a been planned for the future. It will continue 
!or a year ao aa to provide data for a relatively lona -atoraae period. In the 
inveatigation, information will also be obtained on the viabillty of the stond 
Sm. 
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5. . CONTINUATION OF EXPElUMENTS WITH THE J'ULL-SCALE FEEOEil 
FOR. COMPACTED DRY AGENT SIMULANT MATERIALS 

5.1 Testa &.t 0. 65 g/cm 3 Density 

Durina the period covered by this report, the f'ull-acale experimental 
feeder was operated succeufully with a load of talc compacted to a .deneity 
of 0. 65 g/cm3. The schedule permitted only one series of runa to be made 
at thil den•ity. The feeder was then removed from the teat atan.d so prepa
ratione could be made for testing the second experimen~l untt10, which ia 
similar in design to the first-generation airborne dry agent dieeeminatol',. 

The arrangement used in conducting this series o! runs at 0, 65 g/cm3 

density was the same as was used in the work that has been reported pre• 
11,12 

vioualy .. In a series of 16 rune with the feeder drive11 at Z4. rpm, the· 
averaae feed rate was determined to be 53 lb/min. Approximately 3ZO 
pounds of talc were fed during these runs. Air wa.s supplied to the feeder 
a.t rates ranging from 4 to 10 atd cfm. The pressure a.s measured lneide 
the feeder varied from 3 em Hg a.t 4 std cfm air rate to 8 em HI at 10 atd 
cfm. 

The drivinl torque wae observed to vary between l~J.,.and a7 ft-lb. At a .. 
speed of 24 rpm, the 27 ft-lb torque requirement re'eults in an input of 
0. U hp to drive the feeder. 

5. Z Wind-Tunnel Diuemination of Talc Diac;har1ecl fro~ F~oder 

Th1• eerie• of runa waa alao used to,provide a sample of· talc that waa 
dlaaemin.ated in the high-speed wind tunnel to obaerve subsequent Lreakup 
into basic parttc:lea. Virgin talc at an initial compacted denaity of 0. 5 

3 g_/.cm wa• deaired for thia aa.mple, whereas a higher den1lty waa to be 
uaed !or the actual test runs. The vil'gin material waa loaded to aa to dia
charge first when the feeder was operated. 
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The material sampled from the feeder discharge was dluemin~P.ted in 

the wind tunnel using the QMI-3 disseminator and standard techniques. The 

tunnel waa opeJ>ated at Mach 0. 5, and aerosol samplea were obtained with 

the iuU-diac:harge impactor on one run and the high velocity samplina probe 

on the other. 

.,._ ... 

The impactor ha1 a cutoff point at about 6 microns. Esaenti~y no large 

agglomerated material was found on the impactor, indicating that the talc 

waa deagglomerated very well. The material collected on the filter in the 

•ampling probe was examined under the micros·c'ope. There was no eignifi· 

cant aJilomeratioa. A majority of the materiai was collected in the form 

of basic particles, and the agglomerates that were observed conai1ted 

mainly of doublets and triplRtll. 

S. 3 Operatiott with Uncomeacted Talc 

Becauae of the emphasis which has been placed on diueminating com

pacted &jents, all of the experiments with the first full-•cale experimental 

feeder were conducted with compacted powder. When the second expertmen• 

tal feeder waa completed, a few days were devoted to operating the unit 

'Nith uuc;Oulpc&cLvd talc. The looee bulk powder was loaded into the dis

seminator with the unit standing on end. It waa possible to put 150 pound• 

of talc into the unit for each of two test eeriea. The average density was 

calculated to be approximately 0. ZS g/ em 3• 

The ob,.rvationa made during the1e testa with uncompacted talc are 

not 1uHiclent to justify detailed di1cuuion o! the resulta. However, the 

unit waa capable of feeding the powder in a fairly uniform manner and !or 

this reason the data are presented here to document the teats. 

The result• are summarized in Table 5. 1 and in Figure• 5. 1 and 5. Z. 

Only the firat run with the first. loading ie documented becauae the remain

der of the material waa expended in miscellaneoua P.xperlmental operation. 

of the unit. Attempts to get high powder flow ratea by operatina at 37 rpm 
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in run• a.J and 2-1 were not 1ucc:euful; the drive belt uud to drive the 

diuemina.tor slipp•d on the input pulley to the gear reduction unit in the 

t .. t atand. ~ration at ZS rpm resulted in a fairly unilorm dilcharge rate 

for run 1-2 and ideotical rates for run• Z-3 ancl Z-4. ·The ratt' of 23 lb/min 

for rune Z-3 and Z-4 a1reed well with the rate at the end of run .1-1. 

The m&Jd.mum torque observed during these triala waa approximately 
30 !t-lb. 

Run No. 

Table 5. 1 Summ&ry ol Data Obtained While Operatin' the 
Second Experimental Unit with Uncompacted Talc 

Q Speed (rpm) Ra.te (lb/min) 

5.7 Z5 14-ZZ 

3. 1 37* 8.5 .. 34.5 
4.0 37* 10 .. 19.5 

3 • .5 25 23 

3. 1 25 23 

*The rpm wa• not conttant becaute of belt •lippase on drive pulley • 
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6. DESION AND FABRICATION OF THJC FIRST··GENERATION PROTO
TYPE DRY AGENT DISSD4INATING STORE 

The geo.eral configuration !or the !irat.generatton airborne dry agent 
disaeminatint 1tore waa described in the Eighth Qua:rterly Progress Repo'l't

13
• 

Durinl the period covered by this report, work haa progreued on the desisn. 
fabrication, &r;d procurement of all parts of the diueminator. 

6. 1 Store Structure 

During the reporting per·iod, a purchase order waa p1aeed with Fletcher 
Aviation Company· of .El Monte, California for fabrication of the outer and 
inner tllnk structures. Parts being .Ca.brica.ted by Fletcher include: 

1) The outer tank akin 

2) The etron1 bac:k c:aating 

3) Tank reinforcement rings 

4) B._;.yonet attachment rings 

5) f.nner tank 

Fletcher Aviation. Company will abo install the foam insulation between the 
inner and outer tank. 

Fiaurea 6. 1 throush 6. 4 ahow fabrication in proceaa at Fletcher Aviation 
Company. In Fiaure 6. l, an end rinll ta being welded on an outer tank center 
sectton. The !our holea 1n the tank aection are for the luJ attachmenta. 
Fiaure 6. Z ahowa an outer ta.nlc center a~chon and a strong back eaatiniJ. 
Bayonet rinl• on tarllc center and tail eectione can b~ aeen in Figure 6. 3. 
Fiaure 6. 4 ahowe an end ring being w•1ded on an inn.er tank. 

Three atore etructurea have been ordered -- one for the airbo1·ne atore 
for flight teau, and two for laboratory structural teata. The atructural teata 
a.re acheduled !or the latter part of October, i 962. 
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6. 2 Rotary Actuator Auembly 

During the reporting period, the design of the rotary actuator wa• com• 

plated and all pa.rta were releaaed for fabric~J.tion. At.the cloae o! the pel'iod 

a.bout 75 perce~ of the designed parts had been fabricated and all of the pur

chased itema, including the drive motor, ha.d been received. 

A method of mounting the motor leads within the actuator houain1 was 

developed. Tbia permits the motor ahell ar1d aupport to rotate with reapect 

to the outer shell durt.na the change of gears for speed selection. 

Ou.ring the shifting of drive apeeda, the motor pinion becomes completely 

disengaged from one driven gear before engaging the next. Since all gear• 

.ue in a completely r<~ndom rotationAl position, there is a. postibUity of inter

ference when attempting a new g•ar meeh. To overcome the problem, if it 

should occur, a ayatt~m ~aa develop•d to "jog" the motor armature (and 

1halt att.d g.,a.r} whee. jn the dilenaaged poaition.. By means o! a switch and 

ut of relays, a short electric.d impulae ie delivered to the drive motor pro-

due Ins the Jot. 

Two typee of dry lubricant• have been teeted on the motor pinion and 

3eara in the epeed ch&nge un1t. Teflon coating provtded adequate lubrica

tion but tended to flake off during opera.hon. A m1xture composed of moly· 

bdeniUn dieulfide and graphite tn a r"sin binder also provided adequate lubri

cation .• 

Special effort ha.a aone into the design of the coupling required between 

the actuator output Artd the drtve screw of the tank £eed mechaniam. The 

couplins mu•t be verv c:ompll<.t because of the limited apace and must have 

a relattvely large tcrq,ue and horsepower c:c..paclty. The evolved deeign ia a. 
aegmer.ted type couplir..g with elaatomeric: inserts and permit• some ansular 

and radial mt sa.linement as well as ax1al moti.on. 
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6. 3 Cockpit Control Paul 

Since the solid aaent disseminator function• in a manner quite di.fferently 
t:rom the liquid aaent unit, it ba been neceuary to delian a new control 
panel for the airplane cockpit. An auembly drawing of thit control box it 
pre8entecl in Appendix B. The panel contains two toggle awitchea and three 
indicator lights. 

When operated, the ma.ater switch connects Z8 volt d-e airplane power 
to the dia1eminator electrical ayatem. This ia a.ceompliahed by energizing 
a relay with the 1witch action; th• closing ot the relay contacts conn.ecta the 
aenerator output to the ayatem. The relay and aenerator are in the dia
aeminator store. The second togJile switch, the arming switch, is provided 
with a guard. It is impouible to diueminate until this l!lwitcb ia operated. 
In addition to arming the circuit, c:loi!ting this switch al1o !ire• the squibs 
that blow out the l&fety seal in the discharge tube through which the agent 
is diueminated. The arming switch is wired in aeries with the master 
a witch. 

The top indicator light becomes illuminated when the store generator 
rnalfunctiona. The center indicator light shows when the discharge valve i• 
open, and the bottom indicator llaht comes on when di• aemination occur a. 
Theu indicator• are the "pueh·to-te•t" type and can be tested after the 
ma•ter twitch ia clo1ed. 

The control box is also used as a junction box through which the dia
aeminator ie eonnected to the armament circuit used to initiate di•aemina
tion. The "pickle" switch on the control atick is uaed for dieaemination. 

At the end of the reporting period, approximately SO percent of the 
components lor the cor:trol box had been received. 
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6. 4 Aft Actuator Control Panel 

This Cbntrol panel ia located within the etore juet aft of the aerator 
au embly and Ia reached. throuah a.n access dool'. Ita purpose b to provide 
extra-cockpit control of the actuator and tank drive mechaniarn poaitiona 
duriag tervicing. The unit cont&ina a. toggle switch to cut out the normal 
automatic operation of the drive sy1tem and permit local manual control. 
Two pushbutton awitchea initiate the inward and outward motions of the 
dl'ive pistons - euentially forward and reverse controls. Two indicator 
lightl aignal when the pietona have reached either extreme petition. A 
separate pushbutton switch ia used to stop the actuator. Proviaion ia also 
made !or the switch to jog the motor armature !or gear me1hlng i:£ thi• fea
ture proves to be neces1ary. 

6. 5 Dry Nitrosen Sy1tem 

The dry nitrogen 1y1tem wa1 ducribed in the Eighth Quarterly Pro
~reu Report14• During the p&lt quarter, effort was devoted to fabrication 
and procurement of the various component. in the ga• system. An order 
waa placed with Tavco, Inc. of Santa Monica, California to furnish the 
preaaure veaael with electrical heater and an integral valve and preuure 
reaulator assembly con.tainina the £ollowln11: high·preuure relie! valve. 
char1ina valve, manual ahutoff valve, solenoid valve, ground checkout valve, 
preSIUJ'8 reau1ator, low-preaaure relie! valve. ground checkout discharge 
poS't, and hi&h and low-pressure gages. 

Two method• of filling the eyetem with high·preuure nitrogen were 
investif..&ted: 1) uatng a compreuor to pump nitrogen from Z200 or 2400-
pai cylindere into the preuure vessel, and 2) uaing 6000-psi cylinders to 
top off aft~r partial filitng with standard cylinders. The method ol cascading 
high-preaaure nitrogen veuels into the system vessel waa coneidered moat 
practical for filling the firet -generation flying model. Two ground carta will 
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be employed, one cart carrylna three manifolded Z400-pal bottlu. a11d the 
other transporting a. 6000 -psi bottle. The 2.•00 -psi bottle a will be used to 
fill the system veuel part way and to eheck out the ayatem. The 6000-pai 
bottle will be uaed to top off the ayatem veuel. The combination of the 
three 2400-pai bottle a and the 6000-}.lei bottle will fully charae three 1y1-

tem veuela to 3000 pai. while allowinJ one minute flow for calibration and 
checkout o£ the aystem. 
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7. FILLING THE Dlt}. AGENT DlSSlCMINATING STORE 

7. 1 Introduction 

Ever aince the conception of an airborne atore for disaemlnatlna dry 

agent material from a compacted atate, it has been recognized that filling 

such a cliaaeminato:r would present problema quite di!ferent from thoae 

. usoclated with filling a material that could be handled in a tluid a tate. A• 

work has pro;reaaed on the developmellt of the diueminator itself, a con· 

current effort hal been devoted to developtna a suitable filling procedure. 

Early in the progra.m it waa evident that a method employing an auxiliary 

loadiftl tube would very likely work. Consequently, a suitable device wa.a 

cleaianed and t.abrica.tion of this loader was completed durin1 this reporting 

period. Effort hal alao been expended in an attempt to devise a sui~ble 

method o! encapsulating the compac:tetd dry agent in a manner that would 

permit manual loadinl of the diuemina.tor without requiring the use o£ 

auxiliary loadinl equipment. 
r 

At a meeting at Fort Detrick on June 20-21, 196Z, the aubject of .filling 

the dry asent dtaaeminator was discussed with peraonnel from the Process 

Development Division. These people felt that the disseminator deei1n was 

compatible with the general requirements for fillin1 dry agents. However, 

they expressed the view that the use of the auxiliary loading device, which 

wat deaeribed for them by the OMI engineflrl, would require rather elabo

rate plant loadtna facilities. They recommended compac:tins the a1ent in 

aealed packa.Je• that could be loaded into the diueminator by one man. The 

uu of 1ealed packages would elimina.te the need for decontaminating the 

unit after fillina. They already hav41 experience with filling timtlar packa1es 

for other applicationa. Con•equently, an iccreased effort has been devoted 

to the 1earch for a pa.ckasing materia.! that will provide a sealed conta.iner 

and yet will break up and pass through the di•eeminator along with the agent 

withollt clogiing the disanregator or plugains the diacharge orifice. 
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T! 'T. 2 Loadin1 Fixture 

The loading tub•, which baa been fabricated !or the purpose of plac:ing 
a charge oi compacted dry powder material in the dry agent diueminattng 
store, ia •hown achematically ln FiiUre 7. 1. A photograph of the complete 
loadina fixture comprised of the loading tube, pneumatic controla, and port
able, adjustable mount il shown in Fiaure 7. Z. The loading fixture is de a• 
cribed in the followiniJ parasrapha. 

The buic componentt of the loading device are the outer tube, the 
inner tube, the pieton, and the gas supply system. The pieton and the 
charge of compacted powder are contained within the inner tube. Thia tube, 
in turn, ie contained by the outer tube. Meana are provided for admitting 
gas under preuure to either the apace behind the pilton or the apace behind 
the inner tube. 

Outer Tube 

Nitrogen----<. Store Inner Tank 

/ 

Figure 7. I Loading Tube Auembly 
• 
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In operation the loadins tube usembly i8 aliaed with the store, and 

the ou.ter t\lhe o£ the loader ia attach•d to the £lanse of the atore inner tank 
(Figure 7. 1). The inner tube, with powder charse and phtoo, is pushed 

into the atore by applyinl a:a• preaaure in apace "A" (Fla:ure 7. 1). The 

small central tube is fastened to the inner tube and serves to guide the ttore 

drive screw ae the powder charge is inserted. The inner tube hiU a atop 
bloclt when the powder lace comes within 1/8 inch of the diaagregator 
blades. ·Space 11A" ia then vented to the atmosphere and 1pace 11Bu is pres

surized. Pressure in apace 11B 11 forces the piston and consequeotly the 
powder ch&rge out of the inner tube, but autc:e the powder face is against 
the diaagaregator disk the powrl~r can11ot move and the inner tube retracts 

into the outer tube leavins the powder charge in. the atore inner tack. 

The tubes and piston are made entirely of aluminum. The outer sur
£acee of the inner tube, central tube, and piston are Teflon-coated to pre

vent aluminum !rom rubbint asainlt aluminum. 

Seals are incorporated to prevent gas lealcaae past the inner tube and 
the pilton. In order to obtain a seal with the required flexibility, rubber 

tubing of 35 durometer hardneu wa• used in making the large diameter 
eeab. Conventional 0-rings are used in the piaton to aeal on the central 

tube. Since leas than 1 pai pressure is required to move the inner tube into 

the store, a. single seal haa p1·oven adequate on the inner tube. However, 
the 35 psi preaaure required to force the powder out of the inner tube neeea

aitated usinJ two seals on the phton. The piaton is ehown in Fipre 7, 3. 
The flat on the pilton matches a corresponding aurlace on the inDer tube 

and provides clearance for a guide mounted on the inside wall ol the store. 

The pruaure line to feed the apace behind the ph1ton ie a flexible coil 
of J/8 inch nylon tubing. The connection inaide the outer tube ia a swivel 

so the tubtns can ewiniJ from a t&n1ent1al to an axial direction as the inner 

tube ia forced out ot the 0\3-tel" tube. The othu ancl ol the Dylon CUbe 11 
attached to the back of the itlne:r tube by a quick c'"'nact eouplint. Thi1 
cou.pliDI ia readily accett1ble when the innu tube l1 completely witbdrawtl 
from the outer tube fo1t the purpo .. ot cbanJina iftnatt tubu. 
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Figure 7. Z Loadina Fixture 1'or Use with r>rototype 

Dry Agent Diueminatina Store 

Figure 7. 3 Loading Tube Pbton 
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A Colton C/U HaU-Too Lifter wat purchased and modified to provide a 

mount for the loading tube and pneumatic controlt. The loaclina tube ia tup

portecl in a gimbal ring (aee Figure 7, Z) that can be trantlatecllatera.lly by 

meana of a hand crank. These features facilitate alining the loaclin1 tube 

with the store. 

The gimbal is mounted in the li£ter arm• in such a wa.y that the loadinl 

tube can be oatily removed •• ahown in Figure 7. 4. Thb ia done 10 the 

tube can be poaitioned vertically for filling, and then the lifter c:an be moved 

out of the way. 

A preaaure regula. tor, pre a sure gage. and three-position four -way 

valve are located Uil tho loading fixture aJ shown il1 Figure 7. 5. au for 

operatin1 the loader can be supplied to the preuure regulator from either 

an air compreuor or high preaaure gaa c:ylindert. The use of dry nitrosen 
is rec:ommended for u•e with asenta which muet be kept dry. 

The p-.reaeure regulator ia required since the two major operation• that 

must bt'! performed require aubata.ntially different pretsurea. The regulator 

<1lsO allow• control u:£ the speed o£ the two operations. Preaaure control ia 

most irnporta.nt 1n .the eccond operation of retracting the inner tube which 

requires abou.t 6, 000 lb force or about 30 psi. A& the powder charge moves 

out of the inner tube, the required force duninishea. and durin& the course 

of thi.s operation i.t 11 necessary to continually dec:rl~alle the presa"Ure to 

maintain a reasonable retracting apeed .. 

The concept of filling the duaem1nator with six or ll!light sealed package• 

of compacted agent offers many adv•:~.nta.ges as compared to the use of an 

a.uxiliaTy loading devi.ce. Some of these advantages are: 

1) The amount of support equipment required would be re·· 
duced lignificantly. 

2) The loading plant facilities would be leu elaborate. 
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Figure 7. o6 Loadin1 Tube Dl•connec:t~cl f'1'om Lifter Arm• 

Fijure 7, 5 Operating .Control• for Loading Tub• 
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3) It woulcl be eaaier to make the fUlina operations •at• fo~ 
oparatinJ per1onnel. 

4) The flllin1 operation could probably be performed quicker. 

Unfortunately, the requirement that the pac:llqe or container muat provide 

a biolo1ical ual and yet be capable of being broken up ~d fed throup the 

diueminator &1on1 with the &Jent preuntl a formidable problem. Never

thelue, the advantages are attractive enoup to warrant the efiort that il 

bein1 expended in. an attempt to develop a package meeting the requirement•. 

In 1earc:h for a suitable packa;inJ technique three ge11eral encap1ulatins 

methode are beinl considered. 

The !irat method is to form a suitable skin by applying the proper eub

ltance to the exterior surfaces o! a compacted chars• of agent. The second 

is to compact the agent in a container prevloualy prepared from a riJid 

!oam plastic material of the required properties. The thlrd 11 to compact 

the a1ent in a bat made !rom a plaetic £ilm that can be cauaed to undergo 

chemical or physical chanse• inside of the diueminator eo the film dis • 

intearatea or diaper~ea before the dilsemina.tor la operated. 

With reference to the firat method of encapsulation, two techniq,uea 

have been tried. One is to apray or paint the substance beinJ investigated 

dh·ectly anto the compacted powder alter removing the dug of powder from 

the mold. The other technique ia to apply the encapaulatin1 8Ublt&nce to the 

interior aurface of the mold before introducing the powder and then cause 

the aubetance to transfer to the powder after cumpaction. This latt.ar tech

nique hae been accomplished with wax that has been transferred by heating 

the mold. To date, neither of theae techniques has produced a aatilfactory 

encapsulation. 

The foam plaatic approach usea the bladee o! the di1aggre1ator within 

the duaeminator to shave off the foam container and the compacted powder 

simultaneously. The container must be broken into amall ptec:ee that will 

!low through the diacharge opening without plugging the hole. To obtain a 
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cae•tipt coDtaiaar. the uniceUulal' type foam wu •elected. A lo&m 'coza· 
talner· wae fabricatecl -&IUlloacled with compacted talc and then tuteci ill .the . 

Seeon.cl E¥perlmenta1 (d1uer1 lnator) Unit. The teat deraon.ttl"ated that the 

unit is capable of diaeatina a type of foam pla•ttc, but that i1: wtU be aec .. • 

suy to iacol'poute a feature in the diueminator to prevent relatively lar1e 

plecea of !o&m !rom plu11in1 the orilioe. The effort on thit approach h.aa 

been towa.l'cl producing a loam material that wa• cuf!iciently ltrottl yet ade

quately friable. Fortua.ately. the Chemical Activity of Oeneral Mille Cen• 

tr&l Re~earch Laboratory has had contiderable experie11ee in the develop

ment of foam plastics. With their cooperation in this particular investiga

tion, we believe some prosr••• wae made toward developing a auitable 

eucapculatin1 material. 

The pla1tic film approa.ch to encapsulation concidered the uee of a £ilm 

that would have poor resistance to certain envi:ronmenta.l conditlonc. For 

hutance, if a. quantity of asent were compacted lnto a baa made of filrn, 

sea.led, and placed in the cU••eminator, which in turn wa• •ealecl, a. change 

of temperatura or a. change of aa• within the diueminato:r mipt deteriorate 

the film ao it would crumble or vaporize. Ac:cordinJly, a aurvey of po .. ible 

films waa conducted. The conaensua pointed to polypropylene film brought 

to low temperature ( -2.0•F) at which time the film ahould become brittle 

enoup to fracture into amall ptece11. However, aamplea of polypropylene 

fl.1m which we-re subjected to cold box teats down to -so•F and ·l09•F (dry 

ice temperature) did not react a• duired, Other pouibilittu in thia area 

of dieinte1ratin1 fUm• are currently beina invutiga.tad. 
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8. FLIOHT TESTING OF LIQUID AGENT DISSEMINATING STORE 

During the period !rom Ausuat 13 to Z9, 196a. OMI provided technical 

auiat&nce in connection with flight tutin1 o£ the OMlliquid acont diuemi· 

natlna store by the BW/CW Weapons Group at l!:glin Air Force B•n, 

Flo'l'ida. These tuta were cor.duc:t•d t.u inveltigate the airwortbineat of the 

store and to evaluate performance o£ the .F-105 and F-lOOD airplane• with 

the OM! diueminating 1tore attached. A report covering thit tett project b 

being prepared by the BW/CW Weapons Oroup. On the bash of the verbal 

reportt of the teet pUott and the peuonal obtervatiou o! GMl representa

tivea, it can be taid that the store functioned entirely satisfactorily and the 

airplane• performed normally with the store attached. 

In order to establish the m&ximum performance conditione for the F-105 

airplane to be uaed in the flisht teats, the GMl atore wu •hipped to the 

Republic Aviation Corporation at Farmingdale, Longlaland, New York. 

Here the •tore wa1 mounted l>n an F-105 and flutter and vibration analyth 

ancl static stU'fneu mea1ureme11ta were made. Theae data were then uaed to 

compute the allowable flight condition• for the F-105 airplane with the GMI 

atore attached. This work waa accomplished in late July and early Auguat. 

Upon completion o£ the measurement• at Farmingda.h, the GMI atore wa• 
ahipped to Eglin Air Force Base for flight testing. 

Two flightt were made with the diueminator on the F-105 airplane. 

For the !irat £lisht th~t unit wat mounted at the left inboard wina station. 

The centerline station wa• ul8d on the second flight. The airplane waa flown 

at 400 knot• indicated air tpeed and manuevered at altitudes of 5, 000 and 

30, 000 feet. The diuemina.tor wu filled with dyed water that was diaaemi

nated at ZOO feet. The diasemination wat photographed from an F-lOOD 

cha1e plane. Peuonnel in the chaae· plane reported that the aeroaol stream 

was ••~rated from the bottom aft of the airplane by a space of approxi· 
mately one foot. 

8-1 

................ 
0!;CLASS4FIED IN FULL 
Authority: EO 13526 
Chief, Records & Oeclass Olv WHS 
Date: 2 6 APR 2013 ' 

l 
I 
I 
I 
! 



~- ---

I 
I 
I 
I 
I 

• i I ( 
If 
fJ. 
~ ,. • ~ ,, . J: . 
~ 

" i;· 
1• 
j. 
!. 

~ .. 

1. 

--- - - ------

.W"IID1M!II' 

One fU1ht waa made with the dilaeminator mounted on the ir1boud wiq 

.etation of an p- .. 1000 airpla11e. Thia ah•plane wu nown at lOO knota indl

~ated air a peed and maneuvered at altitudes ol 5, 000 and 30, 000 feet. Dla • 

semination waa made at ZOO feet. Thil fllght wa1 abo covered by photo· 

1raphy from a c:hue plane. 

The diueminator wae filled with water containin& methylene blue dye 

10 the airplanee could be examined !or contamination alter each. fliaht.. The 

F-105 waa £ound to be free of contamiution after th.e ftrat fiiaht, but on the 

uc:ond fiipt a tma.ll amount of dye waa found on the lower ventril (fin). No 

contami11Ation waa found upon examining the F-lOOD alter operatinJ the dia· 

»eminator on thil airplane • 
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9. St1!.04AR. Y AND CONCLUSIONS 

Work has pro1reued on our broad program o!reaea.rch and develop

meat en the diuemination of solid and liquid BW aaent1. Each &rea .of 

·,»ork which il summarised in the !ollowinJ p&r&Jraphe is dbcuued in detall 

in; t.h• .. ction referenced at the end of the paragraph. 

Applied streue1 and ener1ies required for compaction of powder• have 

been •ucceeatully meaaured u.lns an improved piston-cylinder device in an 

Instron test machine. Valuea for the c:onetanta k and m in the equation 

a = lc • pm have been determined for talc, aacchartn, and cornstarch. 

Previoualy reported difficult! .. with the triaxial ehear teat have been over

come by ulint a •ample preparation procedure that doee not require the uae 

of the rubber membrane which prevented natural abear failure of the sample. 

Effort has been directed toward determination of the te111ile ahear strength 

of powders aa well a1 compru1ive 1hear atrength uaing the triaxi&l tech· 

nique. 'l'he bulk tenaUe 1trength ot •accharin. corn1tarch. powdered milk, 

~· and talc: ha• been meaaured •• a f1.1nction of compre11ive load and dh

tance from the piston to the fracture plane. The bulk den1ity o£ talc 

(Mi1tron Vapor) hal be"n determined at a function of c:ompreul.ve load and 

diatance from the pilton (Section Z). 

Aero1ol decay ha• been inve•tiaated for th.ree humidity condition• -

lett th&n 5 percent, approximately 50 percent, and greater than 95 percent -

for five powdera. Saccharin, corn1tarch, and powdered milk exhibited 

decay rate• that increa,.d monotonically with increaaina humidity; whereaa, 

talc: and. powdered euaar exhibited decay rate• that were higher for the two 

extreme humidity condition• than for the intermediate condition. It bae been 

demonatrated experimentally that hi&h frequeacy fluctuationl on the light· 

acatterinl records have aianific:ance and are not merely •Y•tem noiae. A 

formula for the fluctuation ha1 been derived mathematically. A new awirl 

diapereer hae been uaed to intr~uce powders into the aerosol decay cham

ber, and the aero1ola thua produced were found to be more •table than tho .. 

obtainecl with the rupturing-diapbram disperur (Section 3). 
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The high-tpeed wind tunnel diaumination ttudiu have ahown that the 

maximurn bulk dentity to which Sm can be compacted and yet be aeroaollaed 
- 3 

ef!tciently by the aerodynaznic breakup mec:haniun ia about o. 58 a/ em . 

This limhina den1ity was the t&me for both Mach numben 0, S &nd 0. 8, It 

ia believed that any dependence upon Mach 11umber ia far overshadowed by 

the rapidly lncreaaint atrensth of the compacted Sm aa the bulk denaUy it .....-
re.ised above thia value. Teate of compacted ~ which had be eft stored at a 

low temperature for ten weeka indicate that when compacted material ia to 

be atored for lons periods, the maximum allowable denaity will be lowered 

to about 0 . .55 g/cm3• In malchtg thb determination a new technique wa• used 

wherein the change in concentra.Lion of the fine portion of the a.ero1ol was 

meuured. A wind tunnel study of the ejection tube shroud ualng a scale 

model has produced a deaign which ia expected to elirninate contamination 

of the store (SectiCJn 4). 

A powder flow rate of 53 lb/ min ha• bee11 achieved with the !ull-eca.le 

experimental feeder uelni talc compacted to a denaity of 0, 65 g/cm 3• The 

second experimental unit, which it a prototype of the airborne dl.ueminator, 

haa been completed and thia unit haa been operated ·with uncompacted talc. 

A sample of talc initially comp&ctad to 0. 55 g/cm3 baa been collected from 

the diacharge of the full-scale £eed-:!r and aubaequendy dianminated aatia

!actorily in the high-speed wind tunnel at Mach number 0. 5 using the GMI-3 

fixture (Section 5). 

Deaian and fabrication of the firet-aenerattun dry ~gent diueminating 

atore progreesed !rom the deaign atudy eta1e to actual fabrication and pro

curement of the vario,ll componenta. An order has been placed with the 

Fletcher Aviation Company of El Monte. California for fabrication of the 

main structural parts o£ the store. The epeed-aelE:ction portion of the 

rotary actuator assembly hae been teeted. A cockpit control panel baa been 

duignod. The hiah-preeaure ve1ael and aaaociated valvea and preeeure 

reaulator for the dry nitrogen syetem have been ordered from Tavco. Inc. 

of Santa. Monica, California, who are speciallats ln this type of equipment. 

The cascading method, using 6000~pei nitrogen ,;ylinders for '~opping-o!f", 

hal been selected for fillina the nitrogen system (Section 6). 
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A loadi111 fixture has been Cabricated for the purpo1e of i11auting 

char1es of compacted powdel' into the <lry agent di••eminating atore. The 

material ia first compacted into a cylindrical tube in the loading fixture and 

il then transferred to the atore. Aa an alternate method of loading. &n in· 

ve•tigation haa been etuted with the objective of perfecting a method ol 

encapnlatic.g qua.ntitiee of compacted aaottt small enough to permit loading 

the store without the aid of special equipment. The problem is to find an 

encapsulating m.1teria.l which can be digested by the diueminator (Section 7). 

In August the OMI liquid agent disseminating atore waa succeufully 

m·ght tested on an F·l05 and an F-lOOD airplane at Eglin Air Force Base . 

Theee teat. were conducted by the BW/CW Weapons Group at Eslin. to detl':r• 

mine airworthineaa of the store. The tests a.leo demonstrated that there i• 

no contamination of the airplanes when the etore i1 mounted at a wins station. 

There wae minot' contamination o£ the lower ventril o! the F-10! when the 

store waa mounted on the centerline station (Sectiol\ 8). 
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APPENDIX A 

LAYOUT. 

EJECTION TUBE SHR.OUD 
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DEPARTMENT OF DEFENSE 
WASHINGTON HEADQUARTERS SERVICES 

1 1 55 DEFENSE PENTAGON 
WASHINGTON, DC 20301-1155 

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER 
(ATTN: WILLIAM B. BUSH) 

8725 JOHN l KINGMAN ROAD, STE 0944 
FT. BELVIOR, VA 22060-6218 

SUBJECT: OSDMDRCases 12-M-3144through 12-M-3156 

AUG 1 2013 

At the request of , we have conducted a Mandatory Declassification 

Review of the documents in the above referenced cases on the attached Compact Disc (CD) 

under the provisions of Executive Order 13526, section 3.5, for public release. We have 

declassified the documents in full. We have attached a copy of our response to the requester. If 

you have any questions, please contact Ms. Luz Ortiz by phone at 571-372-0478 or by e-mail at 

luz.ortiz@whs.mil, luz.ortiz@osd.smil.mil, or luz.ortiz@osdj.ic.gov. 

Robert Storer 
Chief, Records and Declassification Division 

Attachments: 
1. MDR request w/ document list 
2. OSD response letter 
3. CD (U) 



.. 

April 26, 2012 

Department of Defense 
Directorate for Freedom of Information and Security Review 
Room2C757 
1155 Defense Pentagon 
Washington, D.C. 20301-1155 

Sir: 

 
 

 
 

I am requesting under the Mandatory Declassification Review provisions of Executive Order 
13291, copies of the following documents. I have tried several times to acquire them through 
DTIC, but the sites stated they are not available. 

I am conducting research into the previous methods used to disseminate biological agents. Many 
source I use to have access to have been deleted from the internet. On numerous occasions I 
have been informed that formerly classified information that was declassified, have now become 
classified again (since 911). My attempts to locate such Executive Orders, regulations, laws, or 
other changes to this question have not successful nor revealed a specific source. As such I 
would appreciate any infonnation you can shed on this question. 

Documents requested. 

AD 348405, Dissemination of Solid and Liquid BW (Biological Warfare)Agents Quarterly l2..-M-3 \~ Progress Report Number 14, 4 Sept - 4 Dec 1963, G. R. Whitnah, February 1964, General Mills 
Report number 2512, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745,lOl.pages. Prepared for U.S. Anny Biological Laboratories, Fort Detrick, Maryland. 
Approved by S.P. Jones, Director of Aerospace Research at General Mills. Project No. 82408. 
General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul 13,Minnesota. 
AD 3467 51, Dissemination of Solid and Liquid B W (Biological Warfare) Agents, Quarterly !l-Af- 31 'f)" Progress Report Number 12, March 4- June 4, 1963, G. R. Whitnah, July 1963, General Mills 
Report number 2411, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745. 184 pages. Approved by S.P. Jones, Director of Aerospace Research at General Mills. 
Project No. 82408. General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul13, 
Minnesota. 
AD 346750, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ll-AA~31'1(, Progress Report Number 13, 4 June- 4 Sept 1962, G.R. Whitnah, October 1963, General Mills 



Report number 2451, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 19 pages(?) 

AD 332404, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12.-~-31'11 Progress Report Number 7, Dec. 4, 1961 - March 4, 1962, by G.R. Whitnah, February 1963, General Mills Report Number 2373, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 123 pages. 

AD 333298, Dissemination of Solid and Liquid BW (Biological Warfare)Agents, Quarterly tz-.JA-5/C/ 8 Progress Report Number 9, June 4, 1962 - Sept. 4, 1962. by G.R. Whitnah, October 1962, General Mills Report Number 2344, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 130 (or 150) pages. 

AD 332405, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 1 ~-.M-31'-f? Progress Report Number 8, Period March 4, 1962 - June 4, 1962. G.R. Whitnah, August 1962, General Mills Report Number 2322, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 198 pages. 

AD 329067, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12--M- Jl J'l> Progress Report Number Six, G.R. Whitnah, February 1962, General Mills Report Number 2264, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 103 pages. Approved by S.P. Jones, Manager, Materials and Mechanics Research, General Mills Research and Development Office, 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 

AD 327072, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-M-Jf'f{ Progress Report Number Five, 4 June- 4 Sept 1961. by G.R.Whitnah, November 1961, General Mills Report Number 2249, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML2745. 

AD 325247, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ,z.-M- ll a Progress Report Number 4, 4 March- 4 June 1961, by J.E. Upton for G.R. Whitnah, Project Manager. February 1963, General Mills Report Number 2216, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. General Mills Electronics Group, Research Dept., 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 225 pages. 

AD 324746, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Progress 12-.M- ~11.3 Report 3 Juen - 3 Sept. 1960. by G.R. Whitnah, October 1960, General Mills Report Number 2125, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 78 pages 
AD 323599, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-M- "'JI.r'l Progress Report Nwnber 2, for period 4 Sept- 4 Dec 1960, by G.R. Whitnah, February 1961, General Mills Report Number 2161, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 90 pages? Mechanical Division of General Mills, Inc., Research Departmen~ 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 



AD 323598, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-.#- 31 rsProgress Report, for period 4 Dec. 1960-4 March 1961, by G.R. Whitnah, May 1961, General Mills Report Number 2200, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 95 pages. 

AD 337635, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-/H-315'(, Progress Report No. 10, period Sept. 4, 1962 - Dec. 4, 1962. G.R. Whitnah, Project Manager, Approved by S.P. Jones, Aerospace Research, February 1963.247 pages. 

Sincerely 




